Mechanism of regulation of adenylate cyclase activity in human polymorphonuclear leukocytes by calcium, guanosyl nucleotides, and positive effectors.
This study presents the results of a kinetic investigation of adenylate cyclase in human polymorphonuclear leukocytes. In the presence of a saturating concentration of substrate (1 mM), the basal activity was increased severalfold by increasing Mg2+ from 1 to 25 mM. A Hill coefficient of 1.9 was obtained for Mg2+ or ATP. The data suggest cooperative interactions between the substrate binding sites in the neutrophil adenylate cyclase complex. It has been observed that guanyl-5'-yl imidodiphosphate (Gpp(NH)p) (S0.5 = 10 MUM) significantly increased and Ca2+ (S0.5 = 0.5 MM) significantly decreased only the Vmax without affecting the Hill coefficient or S0.5 for ATP. The Hill coefficients for Ca2+ or Gpp(NH)p were 0.9 and 0.8, respectively. The Hill coefficient for Ca2+ was not changed by the increased Gpp(NH)p concentrations. It appears that neutrophil adenylate cyclase has distinct binding sites for Gpp(NH)p and Ca2+, one for each compond. The binding of ligands is not changed by the other effectors and the action is directed only toward the Vmax of the enzyme. The stimulatory action of positive effectors (prostaglandin E1, isoproterenol, histamine) was enhanced by Gpp(NH)p and depressed by Ca2+. No preferential stimulation by Gpp(NH)p nor inhibition by Ca2+ of the action of the positive effectors has been found. The data suggests that only one type of catalytic subunit responds to the action of several positive effectors. Extracellular Gpp(NH)p or Ca2+ do not affect the cyclic adenosine 3':5'-monophosphate (cAMP) level in whole neutrophils and the effect of positive effectors on cAMP production is also not significantly changed by 5 mM Ca2+ or 0.1 mM Gpp(NH)p. Ionophore A23187 in the presence of 5 mM Ca2+ enhances Ca2+ entry into cells and decreases the basal cAMP formation. It appears that Gpp(NH)p or Ca2+ act only at the intracellular site of the adenylate cyclase complex.